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I .  I n t r o d u c t i o n  

The PCM b i t  s t r e a m  be ing  s e n t  from t h e  LM t o  t h e  MSFN 
can  e x h i b i t  v e r y  low b i t  t r a n s i t i o n  d e n s i t i e s .  The MSFN r e c e i v -  
i n g  s t a t i o n  d e r i v e s  i t s  decommutation t i m i n g  from a VCO l o o p  
i n  t he  b i t  s y n c h r o n i z e r  which i s  h e l d  i n  l o c k  b y  t e l e m e t r y  da t a  
transitisns; i t  depends  nn t h e  V C O ' s  memory d u r i n g  p e r i o d s  o f  no 
t r a n s i t i o n s .  O f  c o u r s e ,  i f  t h e  p e r i o d  o f  m i s s i n g  b i t  t r a n s i t i o n s  
becomes e x c e s s i v e ,  t h e  MSFN w i l l  l o s e  t h e  r e q u i r e d  t i m i n g  f o r  
p r o p e r  decommutat ion.  Although an encod ing  scherne c ~ u i c r i  b e  I m -  
p lemented  i n  t h e  LM t o  c i rcumvent  t h i s  problem ( s i m i l a r  t o  t h a t  
used  i n  t h e  CSM) or a l t e r n a t e  data  stream f o r m a t s  c o u l d  b e  chosen ,  
t h i s  memorandum addresses t h e  problem from t h e  MSFN m o d i f i c a t i o n  
v i e w p o i n t .  

S i n c e  t h e  t i m i n g  of t h e  PCM data  and t h e  data  
s u b c a r r i e r  are d e r i v e d  from t h e  same c l o c k  i n  t h e  LM, t h e r e  
e x i s t s  a c o h e r e n t  r e l a t i o n  between t h e  two. T h i s  f a c t  leads 
to a p o s s i b l e  c o n c l u s i o n :  i m p l e m e n t  t h e  KSFN s o  that t h e  MSFN 
u s e s  t h i s  c o h e r e n t  r e l a t i o n s h i p  a t  all t imes t o  d e t e c t  t he  da ta .  
T h i s  s o l u t i o n  s h o u l d  work w e l l  as l o n g  as w e  a r e  r e c e i v i n g  LM 
real- t ime data;  b u t  d u r i n g  p layback  o f  r e c o r d e d  CSM data  t h e r e  
e x i s t s  no  c o h e r e n t  r e l a t i o n  between t h e  s u b c a r r i e r  and t h e  da ta .  
Thus,  when r e c o r d e d  CSM d a t a  i s  b e i n g  r e c e i v e d  i n  t h e  MSFN, t h e  
b i t  t r a n s i t i o n  d e n s i t y  i n f o r m a t i o n  must b e  used  for d e t e c t i o n  
and t h e  c o h e r e n t  mode can  n o t  be employed. A s  a consequence ,  
o p e r a t o r  d e c i s i o n s  must be made as t o  when t h e  c o h e r e n t  mode 
s h o u l d  be  s w i t c h e d  i n  and o u t .  F o r t u n a t e l y ,  r e c o r d e d  CSM da t a ,  
S-IVB/IU data  ( 7 2  Kbs) ,  and LM r e c o r d e d  da t a  ( s p l i t  p h a s e )  a l l  
c o n t a i n  sufficient b i t  t r a f i s i t i ~ n  densit.i_cls5 by d a t a  fo rma t  
d e s i g n ,  to a l l o w  t h e  u s e  of MSFN equipment  i n  i t s  p r e s e n t  con- 
f i g u r a t i o n ;  t h a t  i s ,  u s i n g  t h e  t r a n s i t i o n s  t o  d e r i v e  t h e  c o r r e c t  
r e f e r e n c e  f o r  data d e t e c t i o n .  To cope w i t h  t h e  LM problem, i t  
seems t h a t  equipment  m o d i f i c a t i o n s  which come i n t o  u s e  o n l y  when 
LM real-time data  r e c e p t i o n  is  i n v o l v e d  would be h i g h l y  d e s i r a b l e .  
T h i s  memorandum d e s c r i b e s  such a scheme. The a d d i t i o n a l  equ ip -  
ment e s s e n t i a l l y  o p e r a t e s  i n  p a r a l l e l  w i t h  t h e  p r e s e n t  sys t em.  
It i s  used  o n l y  f o r  t h e  r e c e p t i o n  o f  LM real-time data and  o n l y  
when t h e  t r a n s i t i o n  d e n s i t y  of  t h i s  data f a l l s  below a p r e s c r i b e d  
t h r e s h o l d .  
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Although d e t a i l e d  d e s c r i p t i o n s  o f  equipment  o p e r a t i o n  
were n o t  a v a i l a b l e ,  t h e  f u n c t i o n a l  d e s c r i p t i o n s  ( g i v e n  in 
Refe rence  1) s e e ,  icd s u f f i c i e n t  t o  d e r i v e  t h e  problem so1i i t ior i .  

11. B a s i c  System O p e r a t i o n  - 

F i g u r e  1 i l l u s t r a t e s  t h e  t e c h n i q u e  used  by t h e  4SFJi 
t o  demodulate  t h e  PCPI-C da t - i  coming from t h e  LM. The  d i a g r a i l  
s t a r t s  i n  t h e  S-Sanu rci07i '  'ng cquipment  where o n l y  t h e  1 . 0 2 4  
MHz bi-pha::l -nodulat  3d s i i l i c a r r i e r  a p p e a r s .  The c i r c u i t r y  
p r i o r  t o  t h i s  g o i n t  ,vhici ,  i n c l u d e s  l i m i t i n g  and band p a s s  
f i l t e r i n g  h a s  been n e q l e c t e d .  

The s i g n a l  spectrum a t  A (assuming t h e  d a t 2  t o  be 

enve lope  c e n t e r e d  a b o u t  
2 

~anc?cm) ir; c o n t a i n e d  w i t h i n  a sin 
X- 

1 . 0 2 4  iYlHz with n u l l s  a t  m u l t i p l e s  o f  the a a t a  r a t e  away f r o n  
t h e  s u b c a r r i e r .  Tile s q u z r h q  opera t . i  071 removes t h e  modulatioJ1 
and  i n  do ing  s o  g e n e r a t e s  a 2 . 0 4 8  MHz s i g n a l  which i s  lockecl 
o n t o  by t h e  modu ld t ion  r e s t r i c t i v e  pha-e- lock  l o o p .  Thus,  aft!.r 
d i v i d i n g  t h e  VCO o u t p u t  by two, a c l e a n  r e f e r e n c e  i s  p r o v i d e d  
a t  p o i n t  B i n  F i m r e  1 f o r  phase d e t e c t i o n .  PCM-C da t a  a p p e a r s  
a t  p o i n t  C where i t  i s  r o u t e d  t o  t h e  b i t  s y n c h r o n i z e r  which 
c o n t a i n s  a n o t h e r  VCO l o o p  o p e r a t i n g  a t  1 / 2  t h e  da ta  r a t e .  By 
d i f f e r e n t i a t i n g  t h e  r e c e i v e d  waveform, t h e  l o c a t i o n s  o f  da ta  
t r a n s i t i o n s  a r e  marked and t h e  VCO loop  d r i v e n  i n t o  t h e  l o c k  
a t  a f r equency  d i r e c t l y  r e l a t e d  t o  t h e  da ta  r a t e .  Af t e r  l o c k  
t h e  VCO p r o v i d e s  t h e  t irri i i ig i n f o r m a t i o n  r e q u i r e d  b y  +,he 
d e c i s i o n  c i r c u i t r y  t o  know when t o  l o o k  a t  t h e  r e c e i v e d  wave- 
form t o  d e c i d e  i f  a "One" or "Zero" i s  p r e s e n t .  The  r econ-  
s t r u c t e d  b i t  stream t h e n  a p p e a r s  a t  p o i n t  D .  It i s  t h e  l a t t e r  
V C O  which can  drop  o u t  o f  synchronism w i t h  t h e  s p a c e c r a f t ' s  
commutator when t h e  b i t  t r a n s i t i o n  d e n s i t y  becomes s u f f i c i e n t l ~ 7  
low. 

111. P o s s i b l e  S o l u t i o n ( s )  

F i g u r e s  2 and 3 represent possible s o l u t i o n ( s )  to t h e  
t i m i n g  problem. F i g u r e  2 u s e s  a n  i n t e r n a l  c l o c k  i n  t h e  down 
c o u n t e r  whereas F i g u r e  3 uses t h e  c o h e r e n t  r e f e r e n c e  t o  p r o v i d e  
t h e  c l o c k .  The method of  m a i n t a i n i n g  synchronism i s  t h e  same, 
however,  s i n c e  i t  i s  based on t h e  c o h e r e n t  r e l a t i o n  between 
t h e  s u b c a r r i e r  f r e a u e n c y  and data r a t e  o r i g i n a t i n g  i n  t h e  LM. 
A s  shown i n  F i g u r e  4 ,  bo th  a r e  d e r i v e d  from t h e  same t i m i n g  
r e f e r e n c e  i n  t h e  LM. 
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A .  B a s i c  O p e r a t i o n  

The a d d i t i o n a l  c i r c u i t r y  shown i n  F i g u r e  2 ( a s  w e l l  
as t h a t  shown on F i g u r e  3 )  i s  o n l y  used  when t h e  number o f  b i t  
t r a n s i t i o n s  f a l l  below a p re -de te rmined  v a l u e  - s a y  " M I '  . Thus,  
M f o r  example,  may e q u a l  N / 2 ;  where N r e p r e s e n t s  t h e  maximum 
a l l o w a b l e  number o f  b i t  i n t e r v a l s  w i t h o u t  t r a n s i t i o n s  b e f o r e  
t h e  MSFN l o o s e s  s y n c h r o n i z a t i o n  w i t h  t h e  s p a c e c r a f t ' s  commu- 
t a t o r .  Re fe rence  2 i n d i c a t e s  N t o  b e  a p p r o x i m a t e l y  64. 

I n  r e f e r r i n g  t o  F i g u r e  2 ,  t h e  t r a n s i t i o n  d e t e c t o r  
p r o v i d e s  a s i g n a l  t o  t h e  down c o u n t e r  which s e t s  i t  t o  "M" 
e v e r y  t ime a t r a n s i t i o n  t a k e s  p l a c e .  Af t e r  b e i n g  s e t ,  t h e  
c o u n t e r  c o u n t s  down towards  z e r o  i n  b i t  i n t e r v a l  s t e p s .  The 
countdown t i m i n g  i s  p rov ided  by an i n t e r n a l  c l o c k .  I f  t h e  
count  r e a c h e s  z e r o  ( i n d i c a t i n g  low b i t  t r a n s i t i o n  d e n s i t y )  t h e  
sys t em goes  i n t o  a c o h e r e n t  synci i r*uri izat ior i  modc. That i s ,  z t  Z P ~ G  
s t a t e ,  g a t e  A i s  e n a b l e d  on one  s i d e  and w a i t i n g  f o r  t h e  2 . 0 4 8  
MHz c ~ h e y e n t .  w f e r e n c e  t o  make i t  t r u e .  Wi th in  0 . 5  micro-  
s econds  (one p e r i o d  o f  t h e  V C O )  from t h e  t i m e  of t h e  z e r o  s t a t e  
i n  t h e  down c o u n t e r ,  2 . 0 4 8  MHz p u l s e s  b e g i n  t o  appear a t  t h e  
d i v i d e  by  4 0  c o u n t e r .  A t  t h e  end o f  e a c h  40  c o u n t ,  a p u l s e  
a p p e a r s  a t  t h e  2 5 . 6  KHz VCO l o o p  i n p u t ;  nudging  i t  i n t o  s t e p .  
Note t h a t  t h e  o r i g i n a l  t i m i n g  r e f e r e n c e  was d e r i v e d  from t h e  
l e a d i n g  edge of  t h e  l a s t  b i t  t r a n s i t i o n ;  a t  which t i m e  t h e  
25 .6  KHz VCO was i n  s y n c h r o n i z a t i o n  w i t h  t h e  s p a c e c r a f t .  The 
l e a d i n g  edge o b t a i n e d  when t h e  down c o u n t e r  r e a c h e s  t h e  z e r o  
s t a t e ,  M i n t e r v a l s  l a t e r ,  i s  s t i l l  used  as t h e  r e f e r e n c e  when 
t h e  2 . 0 4 8  MHz s i g n a l  i s  to b e  s w i t c h e d  i n t o  o D e r a t i o n .  Thus,  
u n t i l  t h e  n e x t  t r a n s i t i o n ,  t h e  t i m i n g  i s  based  on t h e  c o h e r e n t  
s p a c e c r a f t  r e f e r e n c e ;  whatever  i t s  t i m e  r e l a t i o n s h i p  i s  t o  t h e  
data  stream as t h e  c o u n t e r  r e a c h e s  t h e  z e r o  s t a t e .  F i g u r e  3 
r e p r e s e n t s  t h e  same t e c h n i q u e  w i t h  t h e  e x c e p t i o n  of t h e  c o h e r e n t  
c l o c k  b e i n g  used  f o r  t h e  down c o u n t e r .  The t i m i n g  d iagram on 
F i g u r e  3a a ids  i n  t h e  u n d e r s t a n d i n g .  I n  r e t r o s p e c t ,  t h e  
d e s c r i p t i o n s  g i v e n  a re  o n l y  f u n c t i o n a l ,  s i n c e  t h e  d e t a i l s  of 
t h e  v a r i o u s  equipments  i n v o l v e d  were n o t  know a t  t h e  t i m e  of  
t h i s  w r i t i n g .  T h a t  i s ,  a d d i t i o n a l  wave s h a p i n g  d e v i c e s ,  t i m e  
d e l a y s ,  i s o l a t i o n  ne tworks ,  e t c . ,  have n o t  been  e x p l o r e d  i n  
t h i s  memorandum. 

B. Noise  

When o n l y  n o i s e  i s  p r e s e n t  a t  t h e  i n p u t  t o  t h e  b i t  
s y n c h r o n i z e r ,  t h e r e  e x i s t s  t h e  p o s s i b i l i t y  o f  t h e  d e c i s i o n  
c i r c u i t r y  p r o d u c i n g  an  a p p a r e n t l y  v a l i d  b i t  stream a t  t h e  o u t -  
p u t .  Each t r a n s i t i o n ,  b e  it a c t u a l  or n o i s e  g e n e r a t e d ,  w i l l  
s e t  t h e  down c o u n t e r  ( F i g u r e  2 )  t o  M p r e v e n t i n g  t h e  a d d i t i o n a l  
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equipment  from b e i n  g u t  i 1 i zed f o r  c o ii t' Y c 1-1 t L1 y n c h r  on i z a t  i 3n. 
The c o u n t e r  c o u l d  r e a c h  t h e  s t a t e  o f  z e r o  i t '  n o i s e  c a u s e d  a 
t r a n s i t i o n  and  t l i rouqhou t  t h e  s u c c e e d i n p  b'I i n t e r v a l s  c a u s e d  
no t r a n s i t i o n s .  For example,  i f  "M" w f r e  3 2  and  t h e  p r o b a b i l i t y  
of n o i s e  g e n e r a t i n P  ;i one  and a z e r o  wi J C  c q u a l l y  l i k e l y ,  t hc r  
t h e r e  would b e  t w [ i  chances*  i n  232 o f  i , l ~ t .  
c o h e r e n t  s y n c h r o n i z a t i o n  mode. P o s s i h l ~ ~  ways  o f  p r e v e n t i n g  
t : , i s  v e r y  u n l i k f ' l y  o c c u r r e n c e  might  b e  : 

; y s t e m  g o i n g  i v t o  i 

1. U t i l i z e  t h e  p r e s e n c e  o f  t h e  Frame S y n c h r o n i z a t i o n  
P , i t t e r l l  t o  a l l o w  t h e  t r a n s i t i o n  d e t e c t o r  t o  becoiiie 
o p e r a t i v e .  S i n c e  "ones"  could b e  " z e r o s "  and  " z e r o s "  
c o u l d  be "ones"  a t  p o i n t  C on ' i s u r e  2 b o t h  t h e  
p a t t e r n  and i t s  complement can b e  u s e d  t o  e n a b l e  t:le 
t r a n s i t i o n  d e t e c t o r .  

-7 -  - 2 .  1 1 1 ~  a d d l t l o n a l  z i rcu i t r :7  can  ~ I ) P  i n h i b i t e d  u n t i l  t h e  
p r e s e n t l y  a v a i l a b l e  v i s u a l  di:,jl1 a y  i n d i c a t e s  t h a t  
data  and  n o t  n o i s e  i s  e n t e r i n g  t h e  b i t  s y n c h r o n i z e r .  

I V .  CSM and S-IVB Te leme t ry  

The b i t  s y n c h r o n i z e r s  f o r  t h e  CSX and  S - I V B  c o u l d  be  
m o d i f i e d  i n  t h e  same manner making a l l  t h r e e  u n i t s  (LM, CSM, 
a n d  S-IVB) i n t e r c h a n g e a b l e  for backup p u r p o s e s .  The m o d i f i e d  
u n i t s  a c c e p t i n g  t e l e m e t r y  from t h e  CSM and  S - I V B  w i l l  n o t  u s e  
t h e  a d d i t i o n a l  c i r c u i t r y ,  however,  s i n c e  t h e  b i t  t r a n s i t i o n  
d e n s i t i e s  a r e  s u f f i c i e n t l y  h i g h  to p r e v e n t  i t s  employment;  
i n c l u d i n g  t e l e m e t r y  o f  CSM r e c o r d e d  d a t a  and  C S M  r e c o r d e d  LM 
s p l i t  phase  da ta .  ?dote t h a t  t h e  u s e  o f  a c o n e r e n t  synchi-doriiza- 
t i o n  i n  t h e  t e l e m e t r y  o f  CSM r e c o r d e d  d a t a  and S - I V B  d a t a  woulci 
b e  t o  no  a v a i l ,  s i n c e  t h e r e  e x i s t s  no c o h e r e n t  r e l a t i o n s h i p  
be tween t h e  da t a  and t h e  s u b c a i - r i e r .  I f  t h e  c o u n t e r s  and  
a d d i t i o n a l  c i r c u i t r y  were p r o v i d e d  f o r  t h e  C S M  b i t  s y n c h r o n i z e r ,  
i n  a d d i t i o n  t o  t h e  a c c e s s  m o d i f i c a t i o n s ,  t h e  t e l e m e t r y  o f  CSM 
real- t ime data  c o u l d  be made c o h e r e n t  b y  s i m p l y  s e t t i n g  t h e  
down c o u n t e r  t o  a s u f f i c i e n t l y  low v a l u e  o f  M and i n h i b i t i n g  
t h e  s e t  i n p u t  a f t e r  t h e  z e r o  s t a t e  i s  r e a c h e d .  S i n c e  t h e  c o h e r e n t  
s y n c h r o n i z a t i o n  s h o u l d  d e c r e a s e  t h e  BER ( e v e n  d u r i n g  h i g h  t r a n s i -  

o f  low s i g n a l - t o - n o i s e  r a t i o  a r e  e x p e r i e n c e d .  
t i o n  d e n s i t y  p e r i o d s  j , i i s  use may ---TI,- pl u v c  c*dvulLt~,:;.-s . , I . s l . l l l l  _ , , _ ,  if n e r i  nd.7 s - - - - -  

It may p rove  t o  b e  more f e a s i b l e  t o  modi fy  o n l y  t h e  
LM and S-IVB S y n c h r o n i z e r s  b e c a u s e  o f  t h e  f o l l o w i n g  c i r c u m s t a n c e s :  

1. S i n c e  t h e  a d d i t i o n a l  c i r c u i t r y  i s  o n l y  employed d u r i n g  
low t r a n s i t i o n  d e n s i t i e s  ( a  n o n - e x i s t e n t  c a s e  f o r  t h e  
CSM) a m o d i f i e d  S-IVB S y n c h r o n i z e r  c a n  b e  used  as a 
back-up f o r  LM o r  CSM; t h e  S-IVB h a v i n g  t h e  l o w e s t  
p r i o r i t y .  

"32 o n e s  o r  32  z e r o s  
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2. 

3.  

Duriniy l o w  t r a n s i t i o n  d e n s i t i m s ,  D . C .  r e s t o r a t i o n  
s h o u l d  be iiemoved. It can  bc, w i t c h e d  o u t  o f  t h e  
D y n a t r o n i c s  equipment b u t  n o t  t h t .  E l e c t r o  Llechanical 
Resea rch  equipment .  

From Refei3eLice 2 ,  v h i c h  i n d i c a f  L, t h e  d i s t r i b u t i o n  o f  
t h e  two t y p e s  o f  equipment i n  t h e  I'.SS"'-, i t  i s  s e e n  
t h a t  enough Dyna t ron ic s  equiomcnt  i: a v a i l a b l t ?  t o  
implement t 7 i o  a t  each  s t a t i o n .  (One f o r  LM and  one 
f o r  S - I V I , ) .  It i s  n o t  known whe the r  t h e  r e -  
d i s t r i b u t i o n  o f  t h i s  equ ipmer t  i s  p r a c t i c a l .  

V. Advantages a n d  Di sadvan tages  

The o n l y  r e a d i l y  a p p a r e n t  d i s : : d v m t a g e  ( o r  problem 
a rea )  i s  t h a t  a s s o c i a t e d  wi th  s i g n a l  i n J e c t i o n  at t h e  d i f f e r -  
e n t i a t i n g  ne twork  b e f o r e  the 25.6 KI-Iz TvT::c! I s c p .  It is n n ~  o f  
k e e p i n g  t h e  i n j e c t e d  s i g n a l  from i n t e r f e r i n g  N i t h  t h e  da t a  
ei?teriZf t h e  decision c i r c u i t r y .  However, s i n c e  t h e  l e v e l  
w i l l  be  c o n s t a n t  a t  t h i s  p o i n t  ( e x c e p t  f ' o i -  n o i s e :  d u r i n g  
p e r i o d s  o f  no t r a n s i t i o n s  i t  may b e  i s o i a L e d  b y  a s i m p l e  d i o d e  
or t r a n s i s t o r  c i r c u i t  and s imply chopped a t  t h e  normal  da ta  
r a t e  by t h e  i n j e c t e d  s icpal  o r  t h e  c i r c u i t  c o u l d  a c t u a l l y  b e  
b roken  a t  t h e  t ime tlie c o h e r e n t  s y n c h r o n i z a t i o n  equipment  i s  
c a l l e d  i n t o  o p e r a t i o n .  

Some r e a d i l y  a p p a r e n t  a d v a n t a g e s  o f  t h e  sys t em 
m o d i f i c a t i o n s  a r e :  

1. 

2. 

3 .  

4 .  

5 .  

The normal  d a t a  stream t h r o u g h  t h e  d e c i s i o n  c i r c u i t l - y  
i s  u n i n t e r r u p t e d .  

The a d d i t i o n a l  equipment i s  o n l y  used  when t h e  b i t  
d e n s i t y  f a l l s  t o  a p r e d e t e r m i n e d  l e v e l .  Thus,  t h e  
s y s t e m  o p e r a t e s  a s  i t  does  p r e s e n t l y  u n t i l  t h e  LM 
s p e c i a l  c a s e  a r i ses .  

LM, CSM, and S-IVB decommutat ing u n i t s  can  b e  imple-  
m p n t e d  i n  t h e  same manner making them i n t e r c h a n g e a b l e  

and S-IVB d a t a  w i l l  n o t  u s e  t h e  a d d i t i o n a l  c i r c u i t r y  
i n  da t a  d e t e c t i o n  u n l e s s  i t  i s  d e s i r a b l e  f o r  CSM rea l -  
t i m e  t e l e m e t r y .  

n "\na f o r  backup purposes .  - _  noaif ' ieu u i i i C 3  Z C C C ~ ;  L L i i g  L-~":  

The a d d i t i o n a l  equipment c o n s i s t s  o f ,  b a s i c a l l y ,  " o f f -  
t h e - s h e l f "  i t e m s - - p r i m a r i l y  c o u n t e r s .  

The s y s t e m s  f o l l o w i n g  t h e  b i t  s y n c h r o n i z e r  need  no 
m o d i f i c a t i o n s  s i n c e  t h e y  need  n o t  know t h e  d i f f e r e n c e  
between a c o h e r e n t  and  non-coherent  s y n c h r o n i z a t i o n  
of  t h e  t i m i n g  r e f e r e n c e .  
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V I .  C o n s i d e r a t i o i i  - _  of E x i s t i n g  Equipment X o d i f i c a t i D n s  

F i g u r e  5 I I O W S  t h e  f r o n t  pan / I  o f  a t y p i c a l  bit 
s y n c h r o n i z e r .  N-, t , i  cat.> t h a t  t h e  PCM outr l i i t  j a c k  p r o v i d e s  a c c e s s  
f o r  p o i n t  C shown p re i r ious ly  on F i g u r e s  2 and 3. Access  for VCO 
s i g n a l  i n j e c t i o n  w i l l  p robab ly  i n v o l v e  s 7 1 1 i t t i n y  t h e  p r e s  n t  
PCM i n p u t  j a c k .  The d i l l y  r ema in ing  ac.re.;s p o i n t  r e q u i r e d  by 
t h e  a d d i t t o v i a l  equ i i 111  nt i s  t h e  2 . 0 4 8  l W z  VCO o u t p u t  i n  t h e  ti-icl- 
me t ry  s u b c a r r i c . r  d t  I a l i u l a t o r  equipment .  

VII. MSFN Tape Recordding of  Data 

Having t h e  VCO i n  synchronism at all t i m e s  . ; u g ; ~ e s t s  
t h a t  i t s  o u t p u t  coiilcl b e  used t o  i n s t i l l  1 .1n ing  in fo rma t i c in  ori 
t h e  PCM-C d a t a  I I C ’  ‘ort: t a p e  r e c o r d i n g .  Fiirt ,hermore,  i f  t h i s  
i n f o r m a t i o n  vJer.e i j j  yv ided  h y  making t h e  cia1  a s p l i t - p h a s e ,  t h e  
b i t  s y n c h r o n i z e r  criiild b e  s imply  switchc ri 1,o L i l t s  e s n d i t i  on 
(r ‘n’ - -T=n i $ u l  5) h p f o r e  n l a y b a c k .  F i g u r e  6 s11~r-e . , ; ts  such  a meihod. 
From R e f e r e n c e  3, it i s  deduce6 ‘;hat xh4.n two c h a n n e l s  a r e  
a v a i l a b l e ,  b o t h  p ~ i r i t s  B and C are  m o n i t c r e d  o c h e r v i s e  Just 
p o i n t  B.  Thus,  to ixn lement  i n  a c c o r d a n c e  w i t h  F i g u r e  6 ,  f o r  
a l l  t i m e s ,  t h e  cha ime l  no rma l ly  r e c o r d i n ( ;  13 s h o u l d  b e  s w i t c h e d  
t o  r e c o r d  C .  Not? t h a t  hav ing  t i m i n g  i i i f o r m a t i o n  a v a i l a b l e  
on t h e  r e c o r d e d  d;!ta ( o n l y  t h e  PCM-C data  i s  r e c o r d e d  p r e s e n t l y )  
s h o u l d  p r o v e  u s e f i l l  for no t  o n l y  t h e  above-mentioned equipment  
b u t  a l s o  any o t h f r  d p t a  p r o c e s s i n g  e q u i r ,  ? r  t which might  be 
u s e d .  

2 0  3‘r-WJB-dly 

At tachments  
R e f e r e n c e s  
F i g u r e s  1-6  



2 
4 
W 
ai 
I- 
v) 

I- - 
m 
0 

U 
3 

w c 

ai 
I- 

2 
z;' 
0 

ai 
h 

0 
v 

r - - -  -1 - -  i 
3 
LL 

a, 
5 
c 

t 
0 

V 
a, 
a, 
U 
0 
0 
U 

.- 

.- 
c 

c 

c 



- -- I 

- - - -  A 

I I 
I n 

I 

c 
W 
v) 
w ar 

I c 

% 
i 
I 
I 

n > =  a 2  

t 
.3 
0 
V 
Z 
0 
rn 

- 
w 

c 
C 

E 
1" 
0 u 
C 
0 
C 
v 

ln 
a, .- .- c 
E 
1, Y 

U 
C 
0 .- 
c .- 
E z c 

U 
0 
-f 

cv 
Q) 

3 
13) 
U 

L 

.- 



r ---'-- I 

(3 
Z - 
$ 5  
0 0  
W d  

I E l  
i -I 

- 
I 

w 
v 

c 

k 
+ 
I- 
w 
VI 
w 
p? 

h 

v 
I 

I- 
Lu 
v) 

h 

Y 

- 
V 

S 

a, 
L= 
0 u 

c 

E 

v 

M 

2 
.- 
c .- 
a, .u 
S 
0 .- 
c .- 
2 

3 

U 
L c 

0 

0) 
S 

3 
U 
V 

m 

- 
.- 
L 

:. 
c .- 
ai 
0) 
S 
S 
U 
S 
U 

.- .- 
c .- 
E 

2 

5 
E 

s 

L 

-0 
0 

a, 

a, - 
v) v) 

0 
Q 

0 

L 
3 
0) 
i; 
.- 



- -  
Q) 

4 1- - 

- 

w -  
> %  

.A_-- 
- -  - 4 m 



71 mz 

f 

1 



PCM SIGNAL CC NC'TIONER B q C - 2 0 - 2 1 0  

a 

a 

0 
DC 

OtFStl  

B I T  RATE 

DEVIATION 

- 10% + 10% SELECTOR 

h 
\]PUT VOLTAGE 

dETECTOR LOCAL -REMOTE POLARITY 

NRZ-C NRZ-M NRZ-S R i  

RESTORATION ' ' 
PCM CLOCK 

W 
DC 

-6 " r i  r i  
@ @  @ @ @  

INPUT OUTPUT 0' 90" GRD 'ODE TYPE 

SPLIT 0 
O 

W 
LOOP 

BANDWIDTH 

Figure 5 -Narrow band bit synchronizer 

(FROM R E F E R E N C E  1) 
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